ABSTRACT. Stratigraphic investigations together with climatic proxy data measurements and reliable radiocarbon dating show a history of fluctuations of dry and wet environmental conditions in the arid to semi-arid zone of northern China since the late Pleistocene. Based on these data, we are able to reconstruct shifts of the desert margin in two period extremes, the last glacial maximum (21-15 ka) and the Holocene Optimum (9-5 ka). We have compared the present desert margin with that for the two extremes. The results indicate that a southward shift of the present margin of about 3 degrees in latitude might be caused by anthropogenic impact. Hence the influence of human activity must be taken into consideration for sustainable development and environment protection. Future research will be to find a two-way feedback existing between climate and anthropogenic impacts.
INTRODUCTION
The arid to semi-arid transitional zone is contained within the 200-400 mm annual precipitation belt. The zone is close to the northern position of the East Asian summer monsoon front, and is very sensitive to changes in humidity (Yie 1992; Zhu et al. 1992; Zhou et al. 1996) . The response of the arid to semi-arid zone in China to global change mainly embodies changes between dry and wet conditions. For instance, during global glacial events, loess and eolian sand are deposited under arid conditions. During the global interglacial period, soil or peat has been developed under moist conditions. These types of changes are prevalent within the desert-loess transition zone (the arid to semi-arid transition zone). Hence, local climatic changes can be placed within the context of global change. Dry grassland and shrubs dominate the zone, while forested areas are concentrated mainly along river corridors and deltas. Mobile, semi-mobile, and fixed sand dunes characterize the arid landscape (Zhu et al. 1986 ). During summer, a steady flow of moist maritime air from the southeast onto the continent produces about 80% of the annual precipitation (Zhou et al. 1996) . Hence, enhanced summer monsoon conditions over time encourage soil formation and vegetation development, resulting in sand dune stability. During winter, a flow of cold, dry air out of north central Asia (winter monsoon) results in a significant flux of eolian sand toward the southeast (An et al. 2000; Zhou et al. 1999) . Sandy loess layers found in the Loess Plateau and paleosol sequences found in the sandy desert demonstrate latitudinal shifts of the southern desert margin. The present polar and monsoon fronts are aligned in a northeast to southwest direction, as is the present southern desert margin. Our aims for this research are: 1) to reconstruct the arid to humid history based on reliable dating and proxy data, 2) to improve our understanding of spatial variation within the desert margin during the last 20,000 years, and 3) to assess the anthropogenic impact on the environment.
Geological Record with 14 C Dating in the Arid to Semi-Arid Transitional Zone and Its History of Climatic Change over the Last 20,000 Years
The studied areas and the collected published 14 C data have been shown in Figures 1 and 2 , and Table 1 . The dating materials are peat, soil organic (NaOH insoluble), wood cellulose, and pollen. The pretreatment techniques are described elsewhere (Head et al. 1989; Zhou et al. 1997 Zhou et al. , 1998 . The pretreated samples were combusted into CO 2 , which was reduced to graphite for 14 C AMS determinations (Slota et al. 1987 ). This work was carried out at the NSF-AMS Facility, Physics Department, University of Arizona. A portion of the CO 2 from each sample was taken for δ 13 C determinations. The chronological framework for both Shengmu (38°48′N, 110°27′E) and Jingbian (37°39′N, 108°37′E) are in sequence. The Shengmu and Jingbian locations can be regarded as representative of the northern Loess Plateau. The Shengmu profile is 4.5 m thick, consisting of eolian sand and paleosol sequences. Pollen and soil organic AMS 14 C dates are shown on the right side of the Stratigraphic column, ranging from 17,300 to 6900 BP. The top of the profile has been eroded away. The Jingbian profile is about 7 m thick, consisting of peat and eolian sand. AMS 14 C determinations have been obtained from plant residues and charcoal from peat sediment, starting from 3.5 m. The top above 3.5 m is composed of eolian sand. The Cagelebulu eolian sand and paleosol profile (39°53′N, 108°18′E; Dong et al. 1995) together with published data from lake Hulun and Lake Qinghai (Du et al. 1989 ) have been chosen as representatives of the desert environment.
We have made proxy measurements at 5-cm intervals as shown in Figure 3 . For the Shengmu profile, magnetic susceptibility (SUS) determinations were carried out. It has been argued that the main carrier of the susceptibility signal is ultrafine-grained magnetite produced during in-situ pedogenesis, which can also be linked to summer monsoon precipitation (Maher and Thompson 1991; An et al. 1991) . Therefore, there is a positive correlation between the magnetic susceptibility and the atmospheric moisture. The SUS signal is an indicator of the relative summer monsoon intensity . For the Jingbian profile, pollen analysis has been carried out. Artemisia/Chenopodiaceae ratios have been calculated as an indicator of moisture (El-Moslimany 1990) in arid to semi-arid areas (the higher the ratio the higher the moisture levels). Organic carbon content has also been widely used as an indicator of vegetation cover and biomass (Hakansson 1985) . Combined with pollen analysis, it is possible to reconstruct the environmental vegetation history.
From Figures 2 and 3 it can be seen that the arid to semi-arid zone in China can be characterized by high frequency fluctuations during the last deglacial climates. In the last glacial maximum, eolian sand was deposited in the desert, which is the case with the Shengmu profile. In the case of desert lakes, a mixture of sand and gravel was deposited. This reflects the dominance of severe cold and dry climate conditions present during the Last glacial Maximum. The period from 13,000 to 11,000 BP (calibrated age 14,900-12,900 cal BP; Stuiver et al. 1998 ) is the Bølling/Allerød interstadial. Monsoon precipitation clearly increased in the arid to semi-arid zone (as shown in the Lake Hulun and Beijing sections, Figure 3 ). High magnetic susceptibility values in the Beijing profile and total organic carbon content in Lake Hulun indicate a period of high precipitation though there is still an arid fluctuation (wet-dry-wet) within it. From around 11,200 to 10,000 BP (12,900-11,600 cal BP), the Younger Dryas cold period is represented. However, there are frequent secondary fluctuations. In northern China under a cold and dry Northern Hemisphere background, moisture levels fluctuated significantly. During the mid Younger Dryas, 10,500-10,300 BP, all the proxy indices (Zhou et al. 1996; Wei et al. 1997; Zhou et al. 1997 Zhou et al. , 1999 jumped from low levels to high peaks. Meanwhile, pollen percentages present in Lake Qinghai sediments indicate that the level of tree pollen reached around 45% (Du et al. 1989 ). The TOC content in the Lake Hulun sediments, and pollen analyses indicate that the presence of the pioneer plant Betula which has adapted to a cool climate, was significantly elevated .
A high Artemisia to Chenopodiaceae ratio, and high SUS values, altogether indicate a more humid climate, further suggesting an increase in monsoon precipitation (Zhou et al. 1996 (Zhou et al. , 1998 (Zhou et al. , 1999 . Hence the climate-environmental conditions changed from dry to wet and back to dry during the Younger Dryas period. During the early Holocene, 10,000-5000 BP (Zhou et al. 1994 ), all proxies have high values (Figure 3 ). Soils were formed in desert areas as shown in Cagelebulu profile. The Holocene Optimum (HO, 9000-5000 BP), produced warm and humid climatic conditions, except for an abrupt cooling event around 8200 cal BP (7460 BP) with amplitude of cooling equal to half that of the Younger Dryas (Alley et al. 1997) . During the late Holocene (5000 BP to the present; Zhou et al. 1994) , pollen percentages from Lake Qinghai are reduced, indicating a cool and dry climate trend. Unfortunately, the other profile could not extend to the recent period as indicated in Lake Qinghai.
It is clear that climate change (especially dry and wet change) in the arid to semi-arid zone of China is controlled by the quantity of monsoon precipitation. The East Asian monsoon produces front precipitation, where cold air from cold high latitudes dominated by the North Atlantic Oscillation system (Hurrell 1995) interacts with warm moist air from the low latitude oceans producing precipitation. This results in dry and wet changes in arid to semi-arid China being simultaneous with global cold and warm events. Therefore local changes are basically related to global fluctuations. It is worth mentioning that in the Bølling/Allerød-Younger Dryas cycle, century to millennial fluctuations of dry and wet conditions in northern China are in response to global cold and warm changes, reflecting climate instability. Recent studies have indicated that the Younger Dryas event is not represented by the same conditions globally. Its spatial distribution or variation shows cooling in high latitudes (GRIP member, 1993) and warming in low latitudes (Beck et al. 1998 ) while the mid latitudes in China record a century scale cold-dry and cool-wet interchange. Such a spatial variation matches the observations of the recent 50-yr sea surface temperature trend (when the temperature increase trend occurs in the tropical Pacific, cooling occurs in the north Atlantic area) (Woodruff et al. 1987 ). This may be a result of ocean/atmosphere interactions. Thus, with global warming, the wet conditions occurring during the last deglaciation can be used as an historical analogue for the future prediction of arid/semi-arid transition zone climate change in China.
SPATIAL VARIATIONS OF THE DESERT MARGIN AND THE INFLUENCE OF HUMAN IMPACT
The desert margin shifts for the two climate extremes have been reconstructed for the northern Loess Plateau (Figure 4 ) on the basis of the above study and a collection of published data (Zhou et al. 1996 (Zhou et al. , 1998 Dong et al. 1995) . During the LGM, the desert margin shifted southward to a latitude of about 38°N (calculations based on the Ordos Plateau, dashed line), not far from the present day boundary (38°2′N, solid line). At the same time, the sea level along eastern China was 150-160 m lower than present and the coastline was extended eastward some 800-1000 km (Wang 1995) . During the early Holocene, the desert margin was shifted about 3° in latitude northward (~41°N, dashed line Figure 4) on the Ordos Plateau. 14 C AMS determinations on soil organic matter ranged in value from ~5000 to 9000 BP, and magnetic susceptibility values were high. These higher values signify the presence of strengthened summer monsoon activity (Zhou et al. 1998) . At this time, the extent of ice affected areas was reduced, and sea levels were higher than present (Wang 1995) . The Mu Us Shadi (desert) was characterized by steppe environments (Zhu et al. 1986 ). except for one brief cold period, at 8200 BP (Alley et al. 1997 ).
In monsoonal China, precipitation is related to the position of the summer monsoon front (Gao 1962) , which is at about 41°45′N in latitude, as shown in Figure 4 . The latitudinal positions of the desert margin postulated for the periods from 9000 to 5000 and 21,000 to 15,000 years at about 41°N and 38°N, respectively, are closely related to the position of the monsoon front (at present and LGM. An et al. 1992 ). The present desert margin is not far from that postulated for the LGM, yet the present monsoon front should have a greater similarity to that of the Holocene Optimum (see Figure 4 ). This discrepancy of about 3 degrees latitude allows us to test the hypothesis that human impact has influenced the position of the present desert margin considerably.
We can assume that the early Holocene climate (10,000-5000 BP) in China was dominated by natural variability (Lin 1985) . We assume that the present warm climatic condition is similar to that of the Holocene Optimum and that the present desert margin should be close to the location of the Holocene Optimum desert margin. We can then postulate that the southward shift of the present desert margin by about 3° latitude may be a result of the impact of anthropogenic activity. This includes inappropriate land use causing desertification of these areas. During the Holocene Optimum, the Yangshao culture was developed (at around 7000-5000 BP). Advanced colored pottery making occurred in conjunction with primitive agriculture and domestic livestock management (Cao 1986; An 1987) . From that time, this culture would not have survived if the environmental conditions were similar to those of today. During the late Holocene (5000 years to the present), the climatic condition was generally cold and dry.
At around 3000-2000 BP, the natural vegetation on the landscape was severely affected by an increase in human population (Cao 1986) , dry farming activity, forest clearance, and frequent warfare (Wang 1985) . Wind and water erosion became a problem, and desertification became intense. The grassland ecology in some places was modified to a semi-desert or desert environment, and mobile sand dunes were developed. The Hobq Shamo (desert) and Mu Us Shadi (sandy land) were combined and the area of desert increased. It has been estimated that the area of desertification within North China has increased to approximately 117,960 km 2 , occupying 57.0% of the total area (semi-arid to arid transition zone) since historical time, and especially during the last 300 years, based on LANDSAT-TM images and calculations (Zhu and Wang 1992) . The Mu Us Shadi (desert) area has increased to 9400 km 2 in the last 50 years, covering 24.8% of the total area (Wu and Ci 1998) . There is now a clear picture of human activity as an external force, taking part in the natural environment change process. Hence, the influence of human activity must be taken into consideration when predictions of future environmental changes along this sensitive ecological boundary are made. Future ecological planning will need to take the two-way feedback between climate and anthropogenic impacts into account.
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